Individual tree crown delineation techniques for vegetation management in power line corridor by Li, Zhengrong et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Digital Repository:  
http://eprints.qut.edu.au/ 
Li, Zhengrong and Hayward, Ross F. and Zhang, Jinglan and Liu, Yuee (2008) 
Individual Tree Crown Delineation Techniques for Vegetation Management in Power 
Line Corridor. In: 10th International Conference on Digital Image Computing: 
Techniques and Applications (DICTA2008), 1-3 December 2008, Canberra, Australia. ( 
In Press ) 
 
          © Copyright 2008 IEEE 
Personal use of this material is permitted. However, permission to reprint/republish 
this material for advertising or promotional purposes or for creating new collective 
works for resale or redistribution to servers or lists, or to reuse any copyrighted 
component of this work in other works must be obtained from the IEEE. 
Individual Tree Crown Delineation Techniques for Vegetation Management in 
Power Line Corridor 
 
 
Zhengrong Li 1,2    Ross Hayward 1    Jinglan Zhang 1    Yuee Liu 1 
1 School of Information Technology, Queensland University of Technology 
2  Cooperative Research Center for Spatial Information 
{zhengrong.li, r.hayward, jinglan.zhang, yuee.liu}@qut.edu.au 
 
Abstract 
 
Remotely sensed, high spatial resolution images have 
great potential in assisting vegetation management in 
power line corridor. With the wide use of object-based 
approaches in remote sensing image analysis, individual 
tree crown delineation becomes a key research focus to 
improve the accuracy of plant information extraction. 
Although many algorithms have been investigated for 
individual tree crown delineation, no one algorithm 
seems suitable for all situations. As such, this paper 
investigates the applicability of several tree crown 
delineation techniques for complex environments in 
power line corridors. The advantages and limitations of 
these algorithms and prospective improvements are 
discussed. Initial experiment results on tree crown 
delineation employing JSEG are presented and 
compared with Mats Erikson’s region-growing method. 
1. Introduction 
 
Vegetation management activities under powerlines 
including tree trimming and vegetation control is a 
significant cost component of maintenance of the 
electrical infrastructure. For example, Ergon Energy, 
one of the top electricity companies in Australia, 
currently spends $80 million a year inspecting and 
managing vegetation that encroaches on power line 
assets. Correct vegetation management not only reduces 
the overall cost but also aids in continuous electricity 
supply by preventing damage to powerlines through 
removal of tall-growing species. While ineffective 
vegetation management could lead to loss of reliability 
of electricity transmission and produce serious hazards 
(e.g. the power outages happened in Canada, USA and 
Europe in 2003) [1, 2].  
Currently, most vegetation management programs 
for distribution systems are calendar-based ground 
patrol [3]. Unfortunately, calendar-based tree trimming 
cycles are expensive. It also results in some zones being 
trimmed more frequently than needed and others not cut 
often enough. Moreover, it is seldom practicable to 
measure all the plants around power line corridor by 
field methods. Satellites and aerial vehicles can pass 
over more regularly and automatically than the ground 
patrol. Therefore, remotely sensed data have great 
potential in assisting vegetation management (e.g. tree 
species classification) in power line corridors due to 
their advantages in spatial and spectral resolution [4, 5].  
Object-based approaches have been intensively 
studied in high spatial resolution remote sensing image 
classification [6, 7]. Compared with traditional per-pixel 
based processing, meaningful image objects are 
extracted using image segmentation. The advantage is 
that not only spectral but also spatial information within 
the objects can be used for classification. When apply 
object-based approach to vegetation classification in 
power line corridor, individual tree should be extracted.  
      In the past decades, many individual tree crown 
delineation methods (e.g. valley-following, edge 
detection and template matching) have been proposed, 
most of them focus on forest environment [8-10]. The 
remote sensing environment in power line corridors is 
more complex than that of forest because: (1) the 
backgrounds are more complicated and irregular, which 
may include bare soil, grassland, bushy areas, and many 
other man-made features, etc.; (2) trees are unevenly 
scattered and the density varies along the corridor. 
Therefore, techniques used in forest can not be directly 
applied to power line corridors. 
      In this paper, several widely used tree crown 
delineation algorithms are summarized, and the 
limitations of these algorithms and the prospective 
improvements are discussed. Initial experiment results 
employing JSEG algorithm are also presented and 
compared with Mats Erikson’s region-growing method.   
  
2. Automated Tree Crown Delineation  
 
A pre-requirement for delineation of tree crown is that 
the crowns should be at least visually recognizable as an 
object in the remote sensing images. That is, the spatial 
resolution of the image should be much higher than the 
size of tree crowns. Remotely sensed images (aerial or 
satellite) with spatial resolution 10-100cm/pixel allow 
analysis of forested areas at the level of individual tree 
crown [11].There are many automated individual tree 
delineation algorithms proposed, most of which are 
developed for mature forests. A foundational 
assumption inherent in crown delineation algorithms is 
that the centre of a crown is brighter than the edge of the 
crown, or more particularly, the boundary between tree 
crowns [8]. A variety of approaches exist for the 
purpose of automated tree crown delineation. These may 
broadly categorized as local maxima/minima, template 
matching, region growing, and edge detection 
approaches.  
 
2.1 Local Maxima/Minima 
 
The radiometric properties of a tree can be described 
through a mountainous landscape in which peaks are 
approximate crown apexes, and surrounding valleys 
represent the space between crowns or where crowns 
overlap or touch [12].  
      Valley-following technique developed by Gougeon 
follows this concept and try to find the local minima (i.e. 
valleys) [13, 14]. The way to find these valleys is just 
like waking in the valley towards ‘saddle points’ defined 
by two valleys meeting between tow tops. First, all local 
minima are found by using a 3 × 3 moving filter. If all 
other pixels beside the centre pixel of the filter have 
greater grey values, the centre pixel is a local minimum. 
Then the neighbourhood of these valley pixels are 
further examined using a four-directional filter to 
include more valley pixels. The four scanning are 
repeated until no further valley pixels are found.  
      Oppositely, local maxima approaches  assume that 
tree tops have higher radiometric values [10, 15]. As 
computing local maxima on discrete pixel values on 
images is time consuming tasks, local maxima is usually 
computed on windows with the fixed size NN ×  
which is similar to finding the local minimum. 
      For both local maxima and minima approaches, a 
moving window is used to float over the image to locate 
maxima/minima values. They work extremely well 
where trees have the constant tree spacing and crown 
sizes (e.g. man-made forest) [16]. However, the 
accuracy largely depends on the appropriate selection of 
window size. Large window leads to missing trees 
because the window contains multiple tree apexes, while 
small one does not always include a tree apex.  
 
2.2 Template Matching 
 
Template matching for single tree detection, originally 
developed by Pollock (1996) and further developed by 
Larsen and Rudemo (1997), Larsen (1998), Olofsson 
(2002, 2006), does not rely on clearly visible tree crown 
boundaries or large contrast between different tree 
crowns [17-20]. Instead, template matching finds the 
best match between a synthetic template representing a 
crown and an equally large region in the image.  
      The synthetic template is constructed by assuming 
the tree crowns are rotationally symmetric about a 
vertical axis. Thus, a tree crown can be modelled by a 
generalised ellipsoid (eq.1) and different trees with 
various crown shapes can be modelled by changing the 
parameters that deform the ellipsoid surface [21]. 
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      Trees that have the highest correlations with the 
template are considered as likely trees. Since the number 
of templates is finite, the exact shape of tree crown is 
not easy to find, only a rough approximation to the 
actual shape of the tree crown is obtained [22].  
      Generally, in template matching, a generalized 
rotational ellipsoid and a distributed function is usually 
used to model the density of branches and leaves. The 
template is generated by considering the geometry of the 
sensor, data capture time, illumination, and reflectance 
of trees and grounds [23]. In addition, templates vary 
depending on sizes of tree crown shapes. The more tree 
structures vary, the more templates are needed. 
Template based approaches work well on images that 
contain mostly trees (i.e., forest).  
 
2.3. Region Growing 
 
If different tree species are standing close to each other, 
the variation within a tree’s crown is less than the 
variation among different trees. Based on this 
assumption, Mats Erikson develops a region growing 
method for individual tree crown segmentation in which 
a region is grown from a seed point based on expansion 
algorithms[24, 25]. Usually the image is initially 
smoothed with a Gaussian filter and then the local 
maxima are found. These maxima are viewed as the 
seeds. The algorithm includes seven concrete steps:   
(1) Find a starting point with local maximum filter; 
(2) Calculate the eight-connected regions of the starting 
point using the expansion algorithm;  
(3) Estimate the new starting point based on the created 
regions in step 2; 
(4) Create a new region as an approximate tree on the 
basis of new starting point; 
(5) Use each pixel in the approximation of tree to 
generate new regions as the candidate regions of the tree; 
(6) Select the best region among the candidates and 
remove all starting points inside and outside the selected 
region from the original image; 
(7) Repeat from step 1 until no further starting points are 
found. 
     In region growing methods, the numbers of seeds and 
expansion methods to include the surrounding points are 
very important as the number of seed points should be 
equal to the actual number of tree crowns [26].  
 
2.4. Multi-scale Edge Detection Approaches 
 
As different scales of images display different level of 
details, providing a hierarchical description of individual 
tree crowns. This can be achieved via discrete Gaussian 
smooth filter or Wavelet [21].  Edge pixels of smoothed 
images at a certain scale t  satisfy the equations: 
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Where , , , , , , , , are 
partial derivatives of the smoothed images at scale .  
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t
      Eq.2 locate the image edge and Eq.3 checks whether 
the found edge is a maximum or not based on that edge 
pixels are the local maxima of the gradient magnitude in 
the gradient direction. Thus, all edge pixels with the 
satisfaction of Eq.2 and Eq.3 form an ellipse for each 
contour, which is used to build a primal sketch. The 
primal sketch at different scales leads to an accumulated 
primal sketch. In the accumulated primal sketch, each 
tree crown is viewed as a local maximum, and each 
region is grown from this local maximum to form the 
final segmentation. However, this method can not keep 
the same shape of tree crowns in the original image due 
to the smoothing filter. Furthermore, no single scale is 
optimal in characterizing tree crowns, and  The correct 
scale level depends mainly on the size of the objects that 
is looked for [27]. 
 
3. Algorithms Performance Considerations 
 
Most algorithms perform well in their own application 
domain, but are highly sensitive to the quality and 
characteristics of the images.  
      The valley-following approach uses an assumption 
that there exist dark shaded pixels between the tree 
crowns. Bright pixels represent mountains or high 
altitude while dark pixels represent valleys or low 
altitude. However, this assumption is not always true 
[22]. In some real situations, multiple trees touch closely 
and have no distinct dark boundary between tree crowns. 
Research indicates that in this case template matching 
gives the best results, however it is very time consuming 
[26]. Another drawback is the initial assumptions about 
crown size and shape, and the relative inflexibility of the 
model to accommodate irregular crown form. For dense 
forest, region growing seems a better choice than other 
approaches. But they do not work well in the case where 
a forest is so sparse that ground patches exist between 
crowns [28]. In multi-scale edge detection method, tree 
tops can be detected in accumulated sketches at different 
scales, but original tree crown shape is lost due to the 
applied smooth filter [21]. 
      Moreover, most crown delineation algorithms 
exhibit similar limitations in image spatial resolution, 
spectral characteristics, view angle and sun angle.  
z Image spatial resolution 
      All tree crown delineation algorithms are developed 
for high spatial resolution imagery.  However, higher 
resolution is not always good. In high spatial resolution 
imagery, within-crown variation is large due to the 
effect of branches and branch shadow patterns on the 
spectral response of the crown. This causes crowns to 
deviate from the conic shaped model, making detection 
and delineation more complex. Decreasing the image 
resolution averages spectral data over a larger areal unit 
and reduces this effect. However, at lower image 
resolutions crown boundaries become less distinct and 
make themselves harder to identify (Fig.1) [16].  
Therefore, an appropriate spatial resolution should be 
selected according to the size of the tree crown. 
 
Fig. 1 Three dimensional view of large and small tree 
crowns for pixels of 5cm and 15cm [16] 
z Spectral characteristics 
      Optical remote sensing makes use of visible, near 
infrared and short-wave infrared sensors to form images 
of the earth's surface by detecting the solar radiation 
reflected from targets on the ground. Different materials 
reflect and absorb differently at different wavelengths 
and hence the reflection differences between different 
vegetation are largest for the infrared wavelength. The 
reflection difference between two closely standing tree 
crowns is useful for segmentation. Erikson compared 
colour images and colour infrared (CIR) images and 
found that by using CIR images, the distinction between 
tree species is easier, especially in the distinction 
between conifers and deciduous [21]. 
z View angle and sun angle 
      View angle of the camera and the sun angle also 
influence the performance of crown delineation 
algorithms, especially in template matching approaches. 
For example, due to the perspective view of aerial 
photographs and the variation in the position of the light 
source, the shape of tree crowns looks quite different 
from images (Fig.2). Another factor is that the shadow 
of the tree, which varies due to the angle of sunlit, 
significantly affects the performance of all tree crown 
delineation algorithms. 
 
Fig. 2 Tree crown shape from triple views [29] 
 
4. Prospective Improvements 
 
Based on the previous literature, although it is difficult 
to determine a suitable and robust approach to handle all 
situations, some improvements can be made: 
z More efficient pre-processing approaches 
      Pre-processing is necessary to select an appropriate 
illumination image for the tree crown delineation 
process and create masks to simplify the background of 
the image. A suitable band (e.g. NIR) should be selected 
before tree crown delineation, and it is also possible to 
generate an illumination image from various band 
combinations (e.g. NDVI) or with processes such as 
principal component analysis or intensity-hue-saturation 
transformations. Masks should also be created in order 
to eliminate the non-vegetation or non-forested areas, 
which will reduce later processing. In addition, image 
enhancement should be performed to improve the 
interpretability and make the boundaries of tree crown 
more distinct. Some of these pre-processing approaches 
have been used before tree crown delineation by 
Gougeon [30, 31]. 
z Combination of spectral and textural features 
      Most of current tree crown delineation algorithms 
only use the spectral value of each pixel. Textures, 
which contain important information for classification, 
are seldom used in tree crown delineation. Different tree 
species often have different textures, and the adjacent 
tree crowns with different species could be well 
segmented using texture features. In addition, many 
previous methods emphasize on dense forests, which are 
relative simple because trees are the only entities and the 
background is bare ground [32]. Images of complex 
scene such as power line corridors or city are seldom 
studied. Taking advantage of texture features can help 
improve the performance of the tree delineation 
algorithm in complicate scene where more entities such 
as buildings and roads are in the images. 
 
5. Experiment and Discussion 
 
A fundamental assumption of most tree crown 
delineation algorithms is that the center of a crown is 
brighter than the edge of the crown, or more particularly, 
the boundary between crowns [8]. Based on this 
assumption, we think that region growing-splitting-
merging methods have great potential in tree crown 
delineation. Therefore, a classic region-growing method, 
JSEG, is employed for initial experiment and compared 
with Erikson’s region-growing method (see§2.3) [26]. 
      JSEG algorithm is a classic region-based image 
segmentation method in computer vision which takes 
advantage of both colour and texture properties. It 
assumes that images can be decomposed into a set of 
color-texture homogenous regions and colors can be 
quantized into a few color classes without any impact on 
object recognition. The essential idea of JSEG consists 
of two independent process stages: colour quantization 
and multi-scale spatial segmentation [33]. Images are 
firstly transformed to a colour class-map images by 
replacing each pixel with their corresponding quantized 
colours. Afterwards, a local window is used to create 
multi-scale “J-image’ which displays possible 
boundaries or interiors of image regions. After that, a 
region growing method is used to segment the image.  
      In the experiment, four types of images are selected: 
(1) aerial image of dense forest; (2) power line corridor 
image where trees with dense crowns are evenly 
scattered; (3) complex scene in power line corridor 
which contains not only trees but also man-made 
features (e.g. buildings, roads); (4) complex scene in 
power line corridor where trees have sparse crowns and 
heavy shadows. Fig.1 compares the results of tree crown 
delineation using JSEG algorithm and Erikson’s region-
growing method in the aforementioned four situations. 
In each row, the left one is the original image, the 
middle one is the result of Erikson’s method (different 
colours mean different segments), and the right one is 
the result of JSEG (segments is delineated by white 
boundaries).   
      It can be seen in Fig.3 that Erikson’s method gets 
much better results than JSEG in dense forest. The 
reason is that in dense forest, trees stand closely to each 
other and background is seldom seen, and hence local 
maxima (i.e. seed/starting point) usually correspond to 
the tree top. However, this is not always the case (e.g. 
Fig.3 (B)-(D)). JSEG performs much better than 
Erikson’s method in images with complex backgrounds, 
because it considers not only colour information but also 
texture properties. Different land covers can be 
separated well because they have different textures. For 
example, in Fig.3(B) and (C), trees, grassland and roads 
are well segmented by their different textures. In 
Fig.3(B) where trees with dense crowns are evenly 
scattered, most tree crowns are successfully delineated 
by JSEG algorithm, though a few trees are falsely 
identified due to some trees being very close together 
and are detected as a single one. In Fig.3(C), although a 
few individual tree crowns are missed, most tree crowns 
have been correctly delineated and discriminated from 
buildings and roads by JSEG method. While in Fig.3(D), 
the performances of both JSEG and Erikson’s method 
are unsatisfied because tree boundaries are not distinct 
and many shadows are falsely identified as tree crowns 
due to sparse crowns.   
      In conclusion, Erikson’s method is just suitable for 
dense forest, while JSEG performs better in more 
complicated environments in power line corridors. 
However, the delineation results are not good enough 
especially when tree crown is sparse and heavy shadows 
exist. More improvements are still needed, specifically 
on the location of starting seeds and merging criterions.  
 
6. Conclusion 
 
Individual tree delineation has great potential to make 
vegetation management more effective in power line 
corridors. In the past a few years, various tree crown 
delineation algorithms have been proposed and some 
encouraging results are obtained. However, most 
algorithms perform well in their specific applications 
(e.g. dense forest), but are highly sensitive to the quality 
and characteristics of the remotely sensed images. In 
order to deal with the plants in complex environments 
like power line corridors, more adaptable tree crown 
delineation algorithms should be developed. Better 
results could be obtained by using efficient pre-
processing methods and combining spectral and texture 
features into tree crown delineation algorithms.  
 
7. Acknowledgement 
 
This project is sponsored by CRC-SI (project 6.07). We 
thank Mats Erikson for providing the codes and a test 
image. We also thank David Zuill from Ergon Energy 
for providing the test images. 
 
8. References 
 
[1] P. J. Appelt and J. W. Goodfellow, "Research on How 
Trees Cause Interruptions- Applications to Vegetation 
Management," in IEEE Rural Electric Power Conference 
Scottsdale, Arizona, 2004. 
[2] K. Beck and R. Mathieu, "Can Power Companies use 
Space Patrols to Monitor Transmission Corridors?," in 
ESRI User Group Conference San Diego, 2004. 
[3] B. D. Russell, C. L. Benner, J. Wischkaemper, W. Jewell, 
and J. McCalley, "Reliability Based Vegetation 
Management Through Intelligent System Monitoring," 
Texas A&M University, Texas 2007. 
[4] A. M. K. Beltrame, M. G. M. Jardini, R. M. acbsen, and J. 
A. uintanilha, "Vegetation Identification and Classification 
in the Domain Limits of Powerlines in Brazilian Amazon 
Forest," in IEEE International Geoscience and Remote 
Sensing Symposium (IGARSS2007), 2007, pp. 2314-2317. 
[5] S. R. Cieslewicz and R. R. Novembri, "Utility vegetation 
management final report," CN Utility Consulting 2004. 
[6] J. R.Jensen, "Thematic Information Extraction: Pattern 
Recognition," in Introductory Digital Image Processing: A 
Remote Sensing Perspective (Third Edition): Pearson 
Education, 2005, pp. 337-406. 
[7] Y. Liu, M. Li, L. Mao, F. Xu, and S. Huang, "Review of 
Remotely Sensed Imagery Classification Patterns Based on 
Object-oriented Image Analysis," Chinese Geographical 
Science, vol. 16, pp. 282-288, 2006. 
[8] D. S. Culvenor, "Extracting individual tree information: a 
survey of techniques for high spatial resolution imagery," 
in Remote Sensing of Forest Environments: Concepts and 
Case Studies, M. A. Wulder and S. E. Franklin, Eds. 
Boston: Kluwer Academic Publishers, 2003, pp. 255-277. 
[9] D. J. King, D. G. Pitt, and D. A. Pouliot, "Development 
and evaluation of an automated tree detection–delineation 
algorithm for monitoring regenerating coniferous forests " 
Canadian Journal of Forest Research, vol. 35, pp. 2332-
2345, 2005. 
[10]P. Migolet, L. Coulibaly, H. G. Adegbidi, and E. Hervet, 
"Automatic individual delineation of trees by anisotropic 
LM filtering applied to high spatial resolution satellite 
images," in 2006 IEEE International Geoscience & 
Remote Sensing Symposium & 27th Canadian Symposium 
on Remote Sensing, Orlando, Florida, USA, 2006. 
[11]F. A. Gougeon and D. G. Leckie, "Individual Tree Crown 
Image Analysis: A Step Towards Precision Forestry," in 
First International Precision Forestry Symposium Seattle, 
2001. 
[12]D. A. Pouliot, D. J. King, and D. G. Pitt, "Development 
and evaluation of an automated tree detection-delineation 
algorithm for monitoring regeneration coniferous forests," 
Canadian Journal of Forest Research, vol. 35, pp. 2332-
2345, 2005. 
[13]F. A. Gougeon, "A crown-following approach to the 
automatic delineation of individual tree crowns in high 
spatial resolution aerial images," Canadian Journal of 
Remote Sensing vol. 21, pp. 274-284, 1995. 
[14]F. A. Gougeon and D. G. Leckie, "Forest information 
extraction from high spatial resolution images using an 
individual tree crown approach,"  Victoria: Natural 
Resources Canada, Canadian Forest Service, Pacific 
Forestry Centre, 2003. 
[15]D. A. Pouliot, D. J. King, F. W. Bell, and D. G. Pitt, 
"Automated tree crown detection and delineation in high-
resolution digital camera imagery of coniferous forest 
regeneration," Remote Sensing of Environment, vol. 82, pp. 
322-334, 2002. 
[16]D. Pouliot and D. King, "Approaches for optimal 
automated individual tree crown detection in regenerating 
coniferous forests," Canadian Journal of Remote Sensing, 
vol. 31, pp. 255-267, 2005. 
[17]R. J. Pollock, "The automatic recognition of individual 
trees in aerial images of forests based on a synthetic tree 
crown image model," in Department of Computer Science. 
vol. Doctor of Philosophy Vancouver, Canada: University 
of British Columbia, 1996. 
[18]M. Larsen, "Finding an Optimal Match Window for 
Spruce Top Detection Based on an Optical Tree Model," in 
International Forum on Automated Interpretation of High 
Spatial Resolution Digital Imagery for Forestry, Victoria, 
BC, Canada, 1998. 
[19]K. Olofsson, "Detection of songle trees in aerial images 
using template matching " in ForsetSat 2002, Operational 
tools in forestry using remote sensing techniques. 
Proceedings CDROM. Talk FI6.3, session Forest 
inventory 6, Monitoring forest establishment and 
development, 2002, pp. 5-9. 
[20]K. Olofsson, J. Wallerman, J. Holmgren, and H. Olsson, 
"Tree species discrimination using Z/I DMC imagery and 
template matching of single trees " Scandinavian Journal 
of Forest Research vol. 21, pp. 106-110, 2006. 
[21]M. Erikson, "Segmentation and Classification of 
Individual Tree Crowns in High Spatial Resolution Aerial 
Images," in Centre for Image Analysis Uppsala: Swedish 
University of Agricultural Sciences, 2004. 
[22]Y. Wang, Y. S. Soh, and H. Schultz, "Individual tree 
crown segmentation in aerial forestry images by mean shift 
clustering and graph-based cluster merging," International 
Journal of Computer Science and Network Security, vol. 6, 
pp. 40-45, 2006. 
[23]U. Bacher and H. Mayer, "Automatic extraction of trees in 
urban areas from aerial imagery," International Archives of 
Photogrammetry and Remote Sensing, vol. 33, pp. 51-57, 
2000. 
[24]M. Erikson, "Segmentation of individual tree crowns in 
colour aerial  photographs using region growing supported 
by fuzzy rules," Canadian Journal of Forest Research, vol. 
33, pp. 1557-1563, 2003. 
[25]M. V. Erickson, "Species classification of individually 
segmented tree crowns in high-resolution aerial images 
using radiometric and morphologic image measures," 
Remote Sensing of Environment, vol. 91, pp. 469-477, 
2004. 
[26]M. Erikson and K. Olofsson, "Comparison of three 
individual tree crown detection methods," Machine Vision 
and Applications, vol. 16, pp. 258-265, 2005. 
[27]G. J. Hay, G. Castilla, M. A. Wulder, and J. R. Ruiz, "An 
automated object-based approach for the multiscale image 
segmentation of forest scenes," International Journal of 
Applied Earth Observation and Geoinformation, vol. 7, pp. 
339-359, 2005. 
[28]M. Eriksson, G. Perrin, X. Descombes, and J. Zerubia, "A 
comparative study of three methods for identifying 
individual tree crowns in aerial images covering different 
types of forests," in Proceedings of International Society 
for Photgrammetry and Remote Sensing (ISPRS), Marne 
La Valle, France, 2006. 
[29]Y. Sheng, P. Gong, and G. S. Biging, "Model-Based 
Conifer-crown Surface Reconstruction from High-
resolution Aerial Images," Photogrammetric engineering 
and remote sensing, vol. 67, pp. 957-965, 2001. 
[30]F. A. Gougeon, " Comparison of possible multispectral 
classification schemes for tree crowns individually 
delineated on high spatial resolution MEIS Images," 
Canadian Journal of Remote Sensing, vol. 21, pp. 1-9, 
1995. 
[31]F. A. Gougeon and D. G. Leckle, "The Individual Tree 
Crown Approach Applied to IKONOS Image of a 
Coniferous Plantation Area," Photogrammetric 
Engineering & Remote Sensing, vol. 72, pp. 1287-1297, 
2006. 
[32]L. Wu, Y. Zhang, Y. Gao, and Y. Zhang, "Tree Crown 
Detection and Delineation in High Resolution RS image: a 
texture approach discussion," in IEEE International 
Geoscience and Remote Sensing Symposium, Anchorage, 
Alaska, 2004, pp. 3841 - 3844  
[33]Y.Deng and B. S. Manjunath, "Unsupervised 
Segmentation of Color-Texture Regions in Images and 
Video," IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 23, pp. 800-810, 2001. 
  
    
(A). Dense forest 
    
 (B). Trees with dense crowns are evenly scattered 
    
(C). Complex scene with trees, buildings and roads 
    
(D). Complex scene where trees have sparse crowns and heavy shadows 
Fig. 3 Original image and delineation results of Erikson’s method and JSEG in different situations 
